Openness for trade can have positive welfare effects in terms of higher growth. But increased openness may also increase uncertainty through a higher volatility of employment. We use regional data from Germany to show trends in employment volatility over the past four decades and to test whether openness for trade has an impact on volatility. We find differences in the evolution of employment volatility depending on the measurement of volatility and the estimation method used. While the unconditional volatility of employment exhibits a similar trend as the volatility of output, the conditional volatility has remained fairly unchanged. In contrast to evidence for the US, we do not find evidence for a significant link between employment volatility and trade openness. The authors would like to thank Jörg Breitung, Geraldo Cerqueiro, Oliver Falck, Steven Ongena, Dirk Ulbricht and seminar participants at Humboldt University (Berlin) and the ifo-Institute (Munich) for most helpful discussions on the methodology. All errors and inaccuracies are solely in our own responsibility.
Motivation
There is wide-spread concern in the population and among policy makers that increased international integration could increase the uncertainty faced by workers.
1 German president Horst Köhler has, for instance, recently stressed the challenges for employees coming along with globalization. 2 On the one hand, international integration is associated with higher economic growth. On the other hand, employment conditions may become more unstable, thus aggravating the fear of workers to become unemployed.
Most earlier empirical studies testing the link between trade openness and employment volatility use cross-country panel data. These studies have the disadvantage that countries may have different labor and financial market institutions and different degrees of financial openness. This may affect the link between trade openness and employment volatility.
In this paper, we use regional data from Germany to show trends in employment volatility over the past 40 years. We also test whether openness for trade has had an impact on volatility. Using regional data from a single country has the advantage that differences in institutions do not affect our results. Also, macroeconomic developments are similar across the regions. Our study is motivated by a partial-equilibrium model of regional labor markets, which we adopt from Blanchard and Katz (1992) . The model 1 For the US, recent reports by the Federal Reserve Bank of San Francisco (Valletta 2007) and by the Congressional Budget Office (CBO 2007) investigate the issue and come to different conclusions. Measured in terms of job tenure, instability in the US has increased for parts of the labor force. The variability of income has not changed significantly over time though.
stresses the importance of structural and cyclical factors determining the volatility of employment at the regional level.
Previous empirical literature has studied the link between openness and volatility from three different angles.
A first related set of studies has studied the long-run evolution of output volatility. The impact of the globalization process on the volatility of employment has been studied less frequently. This literature finds evidence for a smaller volatility of output -the so-called 'Great Moderation' -across developed countries as a result of a combination of smaller shocks, better inventory management, and better monetary policy (Blanchard and Simon
2001, Stock and Watson 2004)
. Aßmann et al. (2006) and Buch et al. (2004) provide corresponding evidence for Germany. Empirical studies at the country-or sector-level suggest that greater trade openness tends to have increased output volatility (Easterly et al. 2000 , Braun and Larrain 2004 , Kose et al. 2003 .
A second set of studies uses regional data to avoid the problem that outcomes across countries might be driven by differences in institutions. Carlino, DeFina, and Sill (2003) use a state-level panel dataset for the US to explain the post-war pattern of employment volatility. They find a decline in employment volatility, which is the result of two counterbalancing forces. On the one hand, the volatility of macroeconomic aggregates has declined and this has dampened the volatility of employment. On the other hand, greater openness to foreign trade has tended to increase employment volatility. Morgan, Rime, and Strahan (2003) find that the lifting of barriers to cross-state-border entry in US banking lowered fluctuations in employment growth. These results suggest that trade integration may increase while financial integration might dampen employment volatility.
Owyang, Piger, and Wall (2006) look for evidence for the 'Great Moderation' at the level of US states. They find significant heterogeneity in the timing and the magnitude of reductions in state-level employment volatility. Hammond and Thompson (2004) study the impact of industrial and demographic characteristics for regional employment volatility. Both papers do not address the impact of openness on volatility.
A third related strand of literature studies the link between openness and employment volatility by investigating the elasticity of labor demand. For a given macroeconomic shock, employment should fluctuate more if the labor demand elasticity of firms increases (Rodrik 1997) . Fabbri, Haskel, and Slaughter (2003) analyze industry-level data for UK and US firms. They find that labor demand has become more elastic over time.
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Determinants of Employment Volatility: Theory and Measurement
This section uses a model of regional labor markets to derive theoretical determinants of regional employment volatility. We then describe how we measure these determinants using German state-level data.
Theoretical Background
Regional characteristics, labor demand and supply shocks, and the response to these shocks affect the volatility of employment at the regional level. This can be shown using a model of regional labor markets which has been adopted from Blanchard and Katz (1992) . In their model, regional labor demand is a negative function of wages:
where it w denotes wages in region i relative to the national wage level, it u is the unemployment rate, and * it n denotes the regional labor force. Unemployment is assumed to fall in wages:
Labor demand changes over time as new firms enter a region. Hence, it z reflects the response of firms to the structural demand-side patterns of the regional economy (
x ) as well as shocks to labor demand (
In an open economy, shocks to labor demand can further be decomposed into a weighted average of domestic (H) and foreign shocks (F):
where ω is the weight of the home market in total sales. Foreign shocks are business cycle developments abroad which are, for instance, propagated through foreign trade links. The wage elasticity of labor demand (a) depends on factors such as the industrial structure of the regional economy, on the ease with which capital can be substituted for labor, or on labor market regulations. We take this wage elasticity as a parameter, but it could also vary with the degree of trade openness.
Growth in regional labor supply is given by:
where structural factors are given by S i x , and shocks to labor supply are denoted by
In an open economy, we can again decompose these into a domestic and a foreign component:
where λ denotes the weight of the domestic labor supply shock. International migration would be one channel through which foreign factors have an impact on the domestic labor market.
Solving the model, equilibrium mean employment growth can be written as the sum of an autoregressive process, of the long-run structural parameters of the economy, and of demand and supply shocks: 
where 2 σ denotes the variance of the respective variable. Hence, the volatility of regional employment depends on the volatility of demand and supply shocks which, in turn, depend on domestic and foreign demand and supply conditions, and on the response of the regional economy to these shocks. Equation (5) -the variance equation -will be the basis for our empirical estimates below.
In our empirical model, we capture the exposure to foreign shocks through a region's degree of trade openness. Equation (4') also shows that the parameters of the model such as the wage elasticity of labor demand (a), the wage elasticity of labor supply (b), the response of unemployment to wages (c), the response of wages to employment (d), and the response of migration to unemployment (g) affect the volatility of employment. Since our main testing equation will be based on a reduced form model derived from (5), we will not estimate these parameters. However, we will control for the structural characteristics of the regional economies that affect these parameters. In the following, we describe the measurement of openness and regional control variables in more detail.
Trade Openness
In the context of the above model, trading more with the rest of the world can have a double-edged impact on employment volatility. On the one hand, countries or regions become exposed to foreign shocks, and volatility might increase. This effect might be aggravated by an increase in the wage elasticities of firms. On the other hand, To test the link between employment volatility and trade openness empirically, we compute the ratio of the sum of imports and exports and GDP. Since we have this information at the state-level, we can approximate the integration of the states into the world economy. By splitting openness into import and export openness, we also investigate the channels through which trade and employment volatility are linked.
Labor Market Regulations
Labor market regulations are likely to affect the elasticity of labor demand. Since we use regional data for Germany only, we cannot test the effects of changes in labor market regulations that affect all states alike. However, there is evidence for a variation in the implementation of labor market regulations at the state-level due to a nomination bias of the judges to higher-level labor courts (Landesarbeitsgerichte). According to evidence in Berger and Neugart (2007) , the composition of higher-level labor courts affects the strategic behavior of workers and employers in their decision on taking a case to lowerlevel labor courts. The authors show that this has an impact on the unemployment rate in the respective state.
In this paper, we lack evidence on the effectiveness of labor market regulations at the state level. Hence, we proxy the degree of labor market rigidity through the share of longterm unemployment. A positive correlation between employment protection and longterm unemployment was shown by Jahn (2002) . Several cross-country studies support this finding using panel data for OECD countries, using rankings of dismissal protection between countries as the dependent variable. For example, Nickell and Layard (1999) and Scarpetta (1996) show a positive effect of employment protection regulations on longterm unemployment. Nevertheless, this proxy is incomplete for two reasons. First, empirical research generally finds it difficult to establish a strong link between employment protection laws and the overall rate of unemployment (Freeman 2007 ).
Second, long-term employment depends on both, structural features of the labor market as well as on demographic characteristics of the working age population. Unfortunately, we lack detailed data on demographic factors at the state-level for the period under study.
The time invariant component of demographic factors will be picked up by state fixed effects.
From a theoretical point of view, the impact of employment protection legislation and union power on the volatility of employment is not clear-cut. On the one hand, the degree of unionization could have an impact on employment volatility if unions try to preserve employment and to reduce the flexibility of labor markets. Thus, we expect a negative correlation between the degree of unionization and the volatility of employment. De Longhi et al. (2005) , for instance, show empirically that the variation of unemployment decreases in the degree of centralization of the system of wage bargaining. On the other hand, employment protection legislation increases the fixed costs of laying off workers.
Hence, large adjustments of the labor force may become more likely, and employment volatility might increase.
To measure the importance of unions, we use the share of employees organized in German unions for every year from . Note that we can use this variable only if we do not include time fixed effects. Hence, one should be careful in interpreting the coefficient on this variable as it may also measure other omitted factors that follow a trend development over time. To account for the fact that the degree of unionization differs across sectors, we additionally include a proxy for the share of services in total output. The degree of unionization in the services sector is traditionally lower than in the manufacturing sector.
Industrial Diversification
The degree of industrial diversification captures the responsiveness of labor demand to shocks. Understanding the link between the regional industrial structure and economic stability has been an important research question in regional economics (Conroy 1975 ).
This literature shows that specialization can be a double-edged sword. On the one hand, industry specialization along comparative advantages in certain industrial sectors might increase growth. On the other hand, it could increase volatility by increasing the exposure to industry-specific shocks.
Empirical research provides mixed evidence on the volatility effects of specialization. Maliza and Ke (1993) and Simon and Nardelli (1992) find a stabilizing effect of industry diversification across US metropolitan areas. A study of Izraeli and Murphy (2003) confirms this result for US states. Attaran (1986) and Jackson (1984) , in contrast, do not find any link between the industrial structure of a region and economic stability. Hammond and Thompson (2004) find that the impact of industrial structure weakens as demographic factors are included in the model.
Here, we follow earlier literature and use a Herfindahl Index as a measure of the degree of industrial diversification. We take the number of workers in 15 different sectors in every German state and create an annual Herfindahl Index for the years 1991-2004. We can use this variable for the final decade of our sample only.
Macroeconomic Developments
In standard open economy macro models, the link between openness and volatility depends on the nature of the underlying macroeconomic shock (see, e.g., Senay 1998).
Since we are considering regions within one country, monetary developments are the same for all regions. The same holds true for international macroeconomic developments such as oil price shocks. These variables are captured through time fixed effects.
However, fiscal policy shocks may differ across regions. To account for this, we use data from the German Federal Statistic Office which gives aggregated government revenues and expenditures at the state level. We have this information since 1985 for the West German states and since 1991 for the East German states.
Employment Volatility: Measurements and Stylized Facts
This section describes the measurement of employment volatility and the evolution of volatility over time at the regional level.
Measuring Employment Volatility
To measure employment volatility, we use data on the annual average number of employees at the state level for the years 1970-2005. We cannot divide employees into full time and part-time workers since data are not available for a sufficiently long time period. Hence, every employee is weighted equally, independent of his or her numbers of hours worked.
We begin by calculating the growth rate of employment. As we are interested in the cyclical evolution of employment, we apply the Hodrick-Prescott-Filter to isolate the cyclical from the trend growth in employment. The relative importance of the trend and the cyclical component depends on the value of a smoothing parameter λ. We follow Ravn and Uhlig (2003) who suggest a value of 6.25 for annual data. 
This measure is frequently used in the literature on output or employment volatility (see, e.g., Braun and Larrain 2004 or Carlino et al. 2003) . To avoid overlapping windows, we alternatively use the same measure only for successive five year periods to obtain a quasi panel.
In addition to this 'unconditional' volatility, we also compute the 'conditional' idiosyncratic volatility of employment growth in state i using the residuals ( it ε ) of a regression of employment growth on a set of time fixed effects (to capture country-wide business cycle effects) and lagged employment growth in state i: Both previously presented methods compute the standard deviation over a 5-year-window in order to obtain a measure for the volatility. This window is chosen somewhat arbitrarily. Therefore, alternatively, we take the squared residual 2 it ε as a measure for the employment volatility in state i in period t. In the same way, we compute the squared growth rates of employment to find a new measure for the unconditional volatility.
Stylized Facts
Figure 1 plots the evolution of employment volatility at the state level. Using the unconditional volatility, we find a reduction of employment volatility, which was interrupted by the reunification period (see also Buch et al. (2004) and Aßmann et al. (2006) , in all German states except Berlin. The conditional volatility does not show this clear pattern. There is a considerable reduction of volatility in some states (for example Bayern and Saarland) whereas employment in other states became more unstable over time (for example Niedersachsen and Hamburg). Unreported time series regressions of employment volatility for each West German state on its own five lags, a reunification dummy, and a time trend support this. The time trend is negative and significant for four out of eleven states using the unconditional volatility. It is positive and significant for four states when using the conditional volatility. Hence, while the unconditional volatility mirrors the decline in aggregate volatility, idiosyncratic, state-level developments differ.
Differences in volatility, in turn, could be driven by differences in trade openness. 
Regression Model: Determinants of Employment Volatility
Our first empirical model links the standard deviation of employment growth to openness and aggregated shocks: 
Regression Results: Employment Volatility
Regression results for the determinants of employment volatility at the regional level in Germany are reported in Table 2 . We estimate the model separately for the full sample of 16 states (Table 2a ) and for the sample of 10 West German states (excluding Berlin) (Table 2b ). This accounts for the fact that the East German states might exhibit special characteristics due to the post-unification catching up process. Since most results are similar for the two specifications, we will report only the main differences below.
Generally, a full set of time fixed effects is included. The exception is the specification in Column 7, which includes the long-term unemployment rate and the degree of unionization, which do not vary across the German states.
Our baseline specification includes the volatility of output growth, trade openness, a reunification dummy, and time fixed effects as explanatory variables (column 1). We modify this specification splitting trade into imports and exports (columns 2 and 3), adding the volatility of government spending and revenues (column 4), adding a proxy for the degree of industry diversification (column 5), the state-level unemployment rate, and the share of the services sector (column 6). In columns 8-10, we re-estimate the model for the conditional employment volatility and the three proxies for trade openness.
In terms of the explanatory power, our model performs quite well with an adjusted R² of 0.21-0.75, depending on the specification chosen.
Our first finding is that we have a positive and significant coefficient of output volatility.
We should be careful when interpreting this as a causal effect of output volatility on unconditional employment volatility because of the endogeneity problems which arise by using output volatility as an explaining variable for employment volatility. In fact, re-estimating the model and instrumenting output growth volatility by its own lags yields an insignificant coefficient. For the West German sub-sample, the coefficient on output volatility is insignificant if we use the conditional volatility of employment and output growth instead, suggesting that the unconditional volatility of output growth picks up the persistence and autocorrelation of employment volatility.
Trade openness, the main variable of interest in this paper, has no significant impact on the volatility of employment in the full sample. Considering import and export openness separately shows a weakly significant impact of export openness in the specification using the conditional employment volatility as the dependent variable. If anything, results
for the West German states show a somewhat stronger positive impact of trade openness on employment volatility. However, as will be discussed in more detail below, this result is driven by one state -Bremen -, which hosts a large international harbor. 
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Robustness Tests I
In addition to the various modifications of the baseline specifications, we have also run our model as a quasi-panel on non-overlapping windows of employment volatility.
Results are reported in Table 2 and are similar to those reported above. The main exceptions are that we now find a negative link between import openness and unconditional employment volatility that the variables capturing structural characteristics and labor market rigidities are now insignificant, and that higher volatility of government spending and revenues now increases employment volatility.
In a next step, we change the specification of employment volatility in our baseline regression. As in many previous papers in this literature, we use the standard deviation of employment growth as the dependent variable. In these specifications, the dependent variable is the volatility of employment growth for the five-year interval starting in period t. All other variables are measured in t. Hence, we test whether the explanatory variables have a statistically significant impact on subsequent employment volatility. In unreported regressions, we find qualitatively very similar results to those reported above.
One potential concern could be that our results are driven by individual states. As shown in Figure 2 ,, trade openness increased in almost all German states. But the trade dynamics have been particularly pronounced in the city states Hamburg and Bremen, which host international sea harbors. In a robustness check, we thus estimate our baseline regressions without Hamburg and Bremen to check whether our results are driven by these two states.
Results are reported in Table 5 . They show that the results concerning the positive impact of openness on volatility are indeed driven by a single state -Bremen. We can corroborate this result if we introduce a new variable interacting a dummy for Bremen with our openness measures and estimate our baseline regressions for the whole sample (Columns 7 and 10 of Table 5 ). All our openness measures become insignificant. We find a significant positive effect of our interaction term meaning that in this case, the pure variation of trade openness in Bremen almost drives the whole positive effect of trade openness on employment volatility.
Robustness II: Heteroscedastic Regression Model
As an alternative empirical model, we estimate a regression model with multiplicative heteroskedasticity as proposed by Harvey (1976) . 3 While, in principle, we use similar specifications as above, we restrict the robustness tests with regard to structural variables to the unemployment rate and the share of the services sector in each state, and we add the growth rate of nominal wages as an additional regressor. Note that, while real wages would be the preferred measure of factor costs, we lack information on regional price indices. This is partly addressed by including time and state-fixed effects.
Results of the mean equation show, not surprisingly, that higher output growth is associated with higher employment growth whereas higher wage growth tends to have a dampening impact on employment growth. Interestingly, trade openness does not have a significant impact on employment growth in the regressions using filtered data, and the impact is even negative in the specifications using unfiltered data for West Germany. In these specifications, higher unemployment is associated with lower employment growth.
This would be consistent with a negative impact of labor market rigidities on employment growth.
Turning next to the results of the variance equation, they show some evidence for a positive and significant impact of wage and output growth on the variance of employment growth. Higher growth would thus be associated with a higher volatility of growth. This would be at odds with the findings by Ramey and Ramey (1995) , who find a negative correlation between growth and volatility across countries. Imbs (2007) , in contrast,
shows that the correlation between growth and volatility depends on the level of aggregation of the data. He finds a positive correlation between growth and volatility at the industry level. One explanation is that growth rates are imperfectly correlated across sectors. Our state-level data suggest a similar positive relationship.
In some specifications, there is evidence for a positive impact of trade openness on the variance of employment growth. This effect shows up in the full as well as in the West German sample. Moreover, the effect is driven by the degree of import openness.
Essentially, the finding that higher export openness is associated with a higher variance of employment growth corresponds to the findings using the panel and quasi-panel regressions above. Regressions using the residual volatility of employment growth as the dependent variables also showed a positive impact of trade openness on volatility, and this effect was driven by the degree of export openness. The dependent variable in the heteroscedastic regression model is similar to the dependent variable in these models, as it also captures the residual variance of employment growth.
Conclusions
This paper has used German regional data to test how employment volatility has evolved over time and which factors account for these changes. We find that employment volatility has declined through the past decades, thus mirroring changes in aggregated output volatility. This process has been interrupted only by the reunification period in the early 1990s. Once we isolate idiosyncratic developments at the state level from macroeconomic trends, we find some weak evidence for an increase in employment volatility.
Overall, a higher share of employment in the services sector, a higher share of long-term unemployment, and a higher degree of unionization are associated with lower volatility of employment. Most of these results are driven by the West German states. This is consistent with the hypothesis that production in services is less cyclical and that labor market rigidities lower employment volatility. Also, higher volatility of government spending is correlated with higher volatility of employment growth.
The main interest of this paper has been the link between trade openness and the volatility of employment. In contrast to findings for the US, we do not find evidence for a positive link between employment volatility and trade openness. There is evidence for a positive link in selected specifications but these results are driven by states hosting international harbors and thus having an above-average exposure to foreign trade. For the average Unionization: Data on the share of employees organized in German unions are taken from the German employees association (Deutscher Gewerkschaftsbund).
Graph 1: Employment Volatility by German State
This Graph plots the volatility of regional employment growth for the West German states. Employment growth is the year-to-year cyclical change in the level of employment. The cyclical component is obtained using the Hodrick-Prescott-Filter. Volatility is the standard deviation of employment growth over a 5-year moving window. vol_emp1 is the unconditional volatility of employment growth, vol_emp2 is the conditional volatility of employment growth based on the residual of a regression of employment growth on time fixed effects and five lags of the dependent variable. 5 1970 1980 1990 2000 2010 1970 1980 1990 2000 2010 1970 1980 1990 2000 2010 1970 1980 1990 2000 2010 Baden 
Graph 2: Trade Openness by German State
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